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generic	entities	and	spanning	 its	wide	geographic	 range,	 along	with	64	species	of	





monophyletic	assemblage,	with	Plumbago europaea	 sister	 to	Plumbagella,	while	 the	
other	Plumbago	 species	 form	a	 clade	 sister	 to	Dyerophytum.	Within	 Limonioideae,	
Ikonnikovia	is	nested	in	Goniolimon,	rejecting	its	former	segregation	as	genus	distinct	




ered	 the	 link	between	 the	diversity	of	organisms	and	 their	 shared	
ancestry	 (Darwin,	 1859;	 Hinchliff	 et	 al.,	 2015).	 However,	 some	
groups	of	organisms	lack	detailed	phylogenies	and	phylogeny‐based	
taxonomy,	and	represent	major	gaps	 in	our	knowledge	of	how	the	
diversity	 of	 life	 evolved	 and	 is	 currently	 partitioned;	 hence,	 they	
are	preferred	 targets	of	modern	phylogenetic	analyses.	Due	 to	 its	





Plumbaginaceae	 form	 a	 species‐rich,	 highly	 diverse	 family	 ex‐
hibiting	 a	 world‐wide	 distribution,	 with	 representatives	 occurring	
predominantly	 in	 temperate	 regions	 of	 the	Northern	Hemisphere.	
Several	 species	 of	 Plumbaginaceae	 are	 used	 as	 garden	ornaments	
and	some	have	medicinal	uses	(mostly	Limonium Mill.	and	Plumbago 
L.	 species).	 The	 family	 consists	 mainly	 of	 perennial	 shrubs,	 sub‐
shrubs,	 and	 herbs	 growing	 mostly	 in	 arid	 and	 saline	 habitats	
(Kubitzki,	1993).	Embedded	in	the	order	Caryophyllales,	the	family	
is	sister	to	Polygonaceae	Juss.	(e.g.,	Chase	et	al.,	1993;	Cuénoud	et	
al.,	 2002;	APG	 IV,	 2016).	 Kubitzki	 (1993)	 recognized	 27	 genera	 in	
the	 family,	 whereas	 a	 later	 study	 on	 Caryophyllales	 identified	 29	
genera	 for	 the	 family	 (Hernández‐Ledesma	et	 al.,	 2015).	The	 total	
number	of	species	ascribed	to	these	genera	ranges	from	one	 (e.g.,	




In	 Plumbaginaceae,	 some	 generic	 boundaries	 have	 been	 con‐
troversial	and	re‐arranged	multiple	times.	For	example,	in	Limonium 
individual	species	or	entire	sections	were	segregated	to	 form	new	








1993)	 in	 the	 Irano‐Turanian	 phytogeographic	 region,	 where	 many	
genera	 occur	 and	 some	 are	 endemic	 (e.g.,	 Acantholimon Boiss.,	
Bamiania, Bukiniczia, Cephalorhizum Popov	&	Korovin,	Chaetolimon 
(Bunge)	 Lincz.,	 Dictyolimon Rech.f., Ghaznianthus, Gladiolimon 
Mobayen,	 Ikonnikovia Lincz.,	 Neogontscharovia Lincz., Plumbagella 
Spach,	Popoviolimon Lincz., Vassilczenkoa Lincz.).	However,	 the	 cir‐
cumscription	and	relationships	of	these	Central	Asian	genera	are	still	
debated	 (Moharrek,	 Kazempour‐Osaloo,	 Assadi,	 &	 Feliner,	 2017),	
further	 highlighting	 the	 need	 for	 detailed	 phylogenetic	 and	 taxo‐
nomic	studies	in	Plumbaginaceae.
The	 most	 widely	 accepted	 classification	 of	 Plumbaginaceae	 di‐
vides	 the	 family	 into	 two	 subfamilies,	 Limonioideae	 Reveal	 (former	








example	 the	 monospecific	 Plumbagella,	 which	 occurs	 in	 temperate	
from	Goniolimon. Limonium	is	divided	into	two	major	clades:	Limonium subg.	Pteroclados 
s.l.,	including	L. sect.	Pteroclados	and	L. anthericoides,	and	L. subg.	Limonium.	The	latter	
is	 divided	 into	 three	 well‐supported	 subclades:	 the	 monospecific	 L. sect.	
Limoniodendron	 sister	 to	 a	 clade	 comprising	 a	mostly	 non‐Mediterranean	 subclade	
and	a	Mediterranean	subclade.	Our	results	set	the	foundation	for	taxonomic	propos‐
als	on	sections	and	subsections	of	Limonium,	namely:	(a)	the	newly	described	L. sect.	
Tenuiramosum,	 created	 to	assign	L. anthericoides at	 the	sectional	 rank;	 (b)	 the	more	
restricted	circumscriptions	of	L. sect.	Limonium	(=	L. sect.	Limonium	subsect.	Genuinae)	
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Ceratostigma Bunge Ceratostigma minus	Stapf	ex	Prain
Ceratostigma plumbaginoides	Bunge
Dyerophytum Kuntze Dyerophytum africanum	(Lam.)	Kuntze
Dyerophytum indicum	(Gibs.	ex	Wight)	
Kuntze
Plumbagella Spach Plumbagella micrantha	(Ledeb.)	Spach








 Aegialitis R.Br. Aegialitis annulata	R.Br.
Tribe Limonieae






































Bakerolimon Lincz. Bakerolimon plumosum	(F.Phil.)	Lincz.
Bamiania	Lincz.















Dictyolimon Rech.f. Dictyolimon macrorrhabdos	(Boiss.)	Rech.f.
Ghaznianthus	Lincz.
Gladiolimon	Mobayen






Ikonnikovia Lincz. Ikonnikovia kaufmanniana	(Regel)	Lincz.
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Central	and	East	Asia.	The	most	species‐rich	genus	of	this	subfamily	
is	 Plumbago	 (“leadworts”),	 with	 approximately	 20	 species.	 Plumbago 
is	 the	 only	 genus	 of	 Plumbaginoideae	 that	 extends	 its	 distribution	
out	 of	 the	Old	World	 into	America.	 Subfamily	 Limonioideae	 is	 split	
into	 two	 tribes,	 the	 Limonieae	Reveal,	 comprising	 24	 genera	 (sensu	
Hernández‐Ledesma	 et	 al.,	 2015),	 and	 monogeneric	 Aegialitideae	
Z.X.Peng,	with	Aegialitis R.Br.,	the	only	tropical	genus	of	Limonioideae,	














with	 ca.	600	 species	 (Catalogue	of	 Life	 reports	 603	 species	 includ‐
ing	 Afrolimon, synonymized	 under	 Limonium by	 Malekmohammadi	
et	 al.,	 2017;	 Hassler,	 2018;	 list	 compiled	 by	 reviewing	 online	 data‐
bases,	 floras	 and	 published	 studies	 includes	 595–599	 species,	 K.	
Koutroumpa	pers.	obs.).	Its	main	diversity	occurs	in	the	Mediterranean	
region,	where	ca.	70%	of	the	total	number	of	species	of	Limonium are 
endemic.	 Limonium	 species	 are	 mostly	 perennial	 herbs	 and	 shrubs	
growing	 in	coastal	areas,	 from	sandy	beaches	to	maritime	cliffs	and	






posed	 as	major	 explanations	 for	 the	 high	 number	 of	 species	 in	 the	
















species	 to	his	 infrageneric	units	 (e.g.,	 Linczevski,	1952;	Rechinger	&	













So	 far,	 there	 remain	 few	 molecular	 phylogenetic	 studies	 at‐
tempting	 to	 clarify	 relationships	 within	 Limonium.	 Most	 of	 these	







investigated	 relationships	 among	 Irano‐Turanian	 Limonium	 species,	
making	taxonomic	and	biogeographic	remarks	based	on	both	molec‐
ular	 and	morphological	 data.	 Lledó,	Crespo,	 et	 al.	 (2005)	 inferred	a	
phylogeny	with	broader	 taxonomic	 sampling	of	Limonium,	 including	
46	species	representing	all	sections	defined	by	Boissier	(1848,	1859	
;	 at	 least	 one	 species	 per	 section),	 plus	 24	 species	 from	 16	 other	
Plumbaginaceae	genera;	all	species	were	represented	by	one	sample.	
According	 to	Lledó,	Crespo,	et	al.	 (2005),	 the	genus	can	be	divided	









(L. sect.	Iranolimon M.	Malekm.,	Akhani	&	Borsch)	segregated	from	L. 
sect.	Sarcophyllum	 (Boiss.)	 Lincz.	However,	Malekmohammadi	 et	 al.	
Plumbaginaceae Sampled species
Popoviolimon Lincz. Popoviolimon turcomanicum	(Popov	ex	
Lincz.)	Lincz.









Vassilczenkoa Lincz. Vassilczenkoa sogdiana	(Lincz.)	Lincz.
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Sampled species L. subg. Pteroclados
L. sect. Pteroclados L. subsect. 
Odontolepideae
L. beaumierianum	(Coss.	ex	Maire)	Maire L K K
L. bonduellei	(T.Lestib.)	Kuntze P, M Ba, Bo, K, M Ba, Bo, K
L. lobatum	(L.f.)	Chaz. L, P, M B, Ba, Bo, K, R, M B, Ba, Bo, K
L. mouretii	(Pit.)	Maire L, M K, M K




L B, Ba, Bo, K B, Ba, Bo, K
L. benmageci	Marrero	Rodr. Ma Ma
L. bourgeaui	(Webb	ex	Webb)	Kuntze B, Ba, K B, Ba, K
L. brassicifolium	(Webb	&	Berthel.)	Kuntze P, M B, Ba, Bo, K, M B, Ba, Bo, K
L. frutescens	(Lem.)	Erben,	A.Santos	&	
Reyes‐Bet.
L, M K, M K
L. imbricatum	(Webb	ex	Girard)	Hubbard	ex	
L.H.Bailey
M B, Ba, Bo, K, M B, Ba, Bo, K
L. macrophyllum	Kuntze L B, Ba, Bo, K B, Ba, Bo, K
L. macropterum	(Webb	&	Berthel.)	Kuntze B, Ba, Bo, K B, Ba, Bo, K
L. perezii	(Stapf)	Hubbard	ex	L.H.	Bailey Ba, Bo, K Ba, Bo, K
L. preauxii	(Webb	&	Berthel.)	Kuntze B, Ba, K B, Ba, K
L. puberulum	(Webb)	Kuntze B, Ba, Bo, K B, Ba, Bo, K
L. redivivum	(Svent.)	G.Kunkel	&	Sunding K K
L. relicticum	R.Mesa	&	A.Santos Me Me
L. spectabile	(Svent.)	G.Kunkel	&	Sunding L K K
L. sventenii	A.Santos	&	M.L.Fernández L K K




L. capense	(L.Bolus)	L.Bolus Li, Ba
L. peregrinum	(P.J.Bergius)	R.A.Dyer L, M B, Li, Ba, M
L. purpuratum	Hubbard	ex	L.H.Bailey L B, Li, Ba
L. sect. Ctenostachys
L. braunii	(Bolle)	A.Chev. M Ba, M
L. brunneri	(Webb	ex	Boiss.)	Kuntze B, Ba
L. fallax	(Coss.	ex	Wangerin)	Maire SV
L. mucronatum	(L.f.)	Chaz. B, SV, Ba, Bo
L. papillatum	(Webb	&	Berthel.)	Kuntze B, Ba
L. pectinatum var. corculum	(Webb	&	
Berthel.)	G.Kunkel	&	Sunding
L, M B, Ba, Bo, M
L. pectinatum var. divaricatum	(Pit.)	
G.Kunkel	&	Sunding
L, M B, Ba, Bo, M
(Continues)
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Genus Limonium
L. pectinatum var. solandri	(Webb	&	
Berthel.)	Kuntze
L, M B, Ba, Bo, M
L. sect. Jovibarba 
L. jovibarba	(Webb)	Kuntze L B, Ba, Bo
L. sect. Limoniodendron 
L. dendroides	Svent. L S
L. sect. Nephrophyllum
*L. otolepis	(Schrenk)	Kuntze M R, A, M
*L. perfoliatum	(Kar.	ex	Boiss.)	Kuntze M R, A, M
*L. reniforme	(Girard)	Lincz. M R, A, M
L. sect. Iranolimon
*L. anatolicum	Hedge M M
*L. carnosum	(Boiss.)	Kuntze L, M M
*L. iranicum	(Bornm.)	Lincz. M M
*L. palmyrense	(Post)	Dinsm. M M
*L. suffruticosum	(L.)	Kuntze P, M M
L. sect. Plathymenium L. subsect. Chrysanthae
L. aureum	(L.)	Hill	ex	Kuntze M B, Li, Ba, Bo, M B, Ba, Bo
L. sinense	(Girard)	Kuntze L B, Ba, Bo B, Ba, Bo
L. tetragonum	(Thunb.)	Bullock L B B
L. wrightii	(Hance)	Kuntze Ba Ba
L. subsect. Rhodanthae
L. flexuosum	(L.)	Kuntze M B, Li, Ba, Bo, M B, Ba, Bo
L. tenellum	(Turcz.)	Kuntze L B, Ba B, Ba
L. nudum	(Boiss.	&	Buhse)	Kuntze M Ba, R, M Ba
(not	assigned	to	any	
subsection)
L. dichroanthum	(Rupr.)	Ikonn.‐Gal. M Li, M
L. hoeltzeri	(Regel)	Ikonn.‐Gal. M Li, M
L. kaschgaricum	(Rupr.)	Ikonn.‐Gal. M Li, M
L. sect. Polyarthrion
L. caesium	(Girard)	Kuntze L, P	(subg.	 Myriolepis) B, Ba
L. insigne	(Coss.)	Kuntze L, M, P	(subg.	Myriolepis) I, M
L. sect. Sarcophyllum	(Syn.:	L.	sect.	
Limonium	subsect.	Sarcophyllae)
*L. anatolicum	Hedge M BE, Bo
L. axillare	(Forssk.)	Kuntze L, M B, Ba, Bo, R, M
*L. carnosum	(Boiss.)	Kuntze L, M B, Bo, R, Li
L. cylindrifolium	(Forssk.)	Verdc.	ex	Cufod. L, M B, Ba, Bo, M
*L. iranicum	(Bornm.)	Lincz. M R
*L. palmyrense	(Post)	Dinsm. M Bo
L. somalorum	(Vierh.)	Hutch.	&	E.A.Bruce L Ba, L
L. stocksii	(Boiss.)	Kuntze L, M B, Ba, Bo, R, M
*L. suffruticosum	(L.)	Kuntze P, M B, Ba, Bo, R, Li
L. sect. Schizhymenium
L. echioides	(L.)	Mill. L, P, M B, SV, Ba, Bo, BE, I, M
TA B L E  2   (Continued)
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Genus Limonium
L. sect. Siphonantha  
L. tubiflorum	(Del.)	Kuntze L, P	(subg.	Myriolepis) B, SV, Ba, Bo
L. sect. Sphaerostachys
L. globuliferum	(Boiss.	&	Heldr.)	Kuntze L, M B, Ba, Bo, BE, M
L. lilacinum	(Boiss.	&	Bal.)	Wagenitz M Bo, BE, M
L.	cf.	pycnanthum	(K.Koch)	Kuntze M BE, M
L. sect. Siphonocalyx	(Previously	
assigned	to	Eremolimon)
L. sogdianum	Ikonn.‐Gal. M Li, M
L. sect. Limonium L. subsect. Genuinae
L. brasiliense	(Boiss.)	Kuntze M B, Ba, M B, Ba
L. californicum	(Boiss.)	A.Heller B, Ba, Bo B, Ba, Bo
L. carolinianum	(Walter)	Britton M B, Ba, Bo, M B, Ba, Bo
L. effusum	(Boiss.)	Kuntze M B, Ba, Bo, BE, M B, Bo, Ba
L. gmelini	(Willd.)	Kuntze P, M B, Ba, Bo, BE, Li, R, M B, Ba, Bo
L. guaicuru	(Molina)	Kuntze Ba Ba
L. humile	Mill. P B, Ba B, Ba
*L. latifolium	(Sm.)	Kuntze P, M B, Li, Ba, Bo, M Bo
L. limbatum	Small Ba Ba
L. meyeri	(Boiss.)	Kuntze P, M B, Ba, Bo, BE, Li, R, M B, Ba, Bo
L. narbonense	Mill. L, P, M BE, M Pa
L. tomentellum	(Boiss.)	Kuntze P, M B, Li, Ba, M B, Li, Ba
L. vulgare	Mill. L, P, M B, Ba, I, M B, Ba
L. subsect. Densiflorae
L. auriculae‐ursifolium	(Pourr.)	Druce P B, I B
L. camposanum	Erben Pa Pa
L. gymnesicum	Erben Pa Pa
L. dodartii	(Girard)	Kuntze B, Bo B, Bo
L. dufourii	(Girard)	Kuntze L, P B, Bo B, Bo
L. gougetianum	(Girard)	Kuntze P B, Bo B, Bo
L. ocymifolium	(Poir.)	Kuntze P B, BE B
L. ovalifolium	(Poir.)	Kuntze P B, Bo B, Bo
L. subsect. Dissitiflorae
L. aucheri	(Girard)	Greuter	&	Burdet B B
L. cossonianum	Kuntze Pa Pa
L. delicatulum	(Girard)	Kuntze L, P B, SV, Bo, I B, SV, Bo
L. graecum	(Poir.)	Rech.f. P, M B, BE, M B
L. minutiflorum	(Guss.)	Kuntze P B, Bo B, Bo
L. rigualii	M.B.Crespo	&	Erben Pa Pa
L. roridum	(Sibth.	&	Sm.)	Brullo	&	Guarino B B
L. sieberi	(Boiss.)	Kuntze	 B, Bo, BE B, Bo
L. supinum	(Girard)	Pignatti B B
L. tournefortii	(Boiss.)	Erben P B B
L. subsect. Hyalolepideae
*L. asparagoides	(Batt.)	Maire Bat, Ba Ba
TA B L E  2   (Continued)
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Genus Limonium
L. bellidifolium	(Gouan)	Dumort. M BE, I, M Ba
L. dichotomum	(Cav.)	Kuntze P B, Bo B, Bo
L. iconicum	(Boiss.	&	Heldr.)	Kuntze M B, Bo, BE B, Bo
*L. latifolium	(Sm.)	Kuntze P, M B, Li, Ba, M B, Ba
*L. otolepis	(Schrenk)	Kuntze M B, Li B
*L. perfoliatum	(Kar.	ex	Boiss.)	Kuntze M B, Li, Ba B, Ba
*L. pruinosum	(L.)	Chaz. M B, Bat, Ba, Bo, M B, Ba, Bo
*L. reniforme	(Girard)	Lincz. M B, Li B
*L. tuberculatum	(Boiss.)	Kuntze L B, Bat, Ba B, Ba
L. subsect. Steirocladae
L. articulatum	(Loisel.)	Kuntze P B, Ba, Bo B, Ba, Bo
L. bocconei	(Lojac.)	Litard. P B B
L. cancellatum	(Bertol.)	Kuntze P B B
L. cordatum	(L.)	Mill. P B, Ba, Bo B, Ba, Bo
L. cosyrense	(Guss.)	Kuntze P B Ba
L. furfuraceum	(Lag.)	Kuntze L, P B B
L. kraussianum	(Buchinger	ex	Boiss.)	Kuntze B, Ba B, Ba
L. minutum	(L.)	Fourr. P B, Ba, Bo, I B, Ba, Bo
L. scabrum	(Thunb.)	Kuntze B, Ba, Bo B, Ba, Bo
L. virgatum	(Willd.)	Fourr. P, M B, Ba, Bo, BE, M B, Ba, Bo
L. subsect. Pruinosae
*L. asparagoides	(Batt.)	Maire Bat, Ba Bat, SV
*L. pruinosum	(L.)	Chaz. M B, Bat, Ba, Bo, M Bat, SV
*L. tuberculatum	(Boiss.)	Kuntze L B, Bat, Ba SV
(not	assigned	to	any	
subsection)
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In	 this	 study,	 we	 infer	 the	 largest	 Plumbaginaceae	 phylogeny	
to	date	 in	terms	of	number	of	genera	and	species,	 including	more	
extensive	 taxon	 sampling	 in	 Limonium,	 the	most	 species‐rich	 and	
taxonomically	complex	genus	 in	the	family.	Phylogenetic	relation‐
ships	 are	 estimated	using	one	nuclear	 (ITS)	 and	 three	 chloroplast	
(trnL‐F region,	matK, and	 rbcL genes)	 loci	 to	address	 the	 following	
questions:
1.	 Do	taxa	 identified	 in	previous	classifications	of	Plumbaginaceae	
and	 Limonium	 correspond	 to	 monophyletic	 groups?
2.	 What	are	the	phylogenetic	relationships	within	Plumbaginaceae	
and	 Limonium?	 Do	 phylogenetic	 clades	 correspond	 to	morpho‐
logically	 diagnosable	 groups	 and/or	 reflect	 biogeographic	 pat‐
terns	described	in	previous	studies?
By	 providing	 a	 broad	 phylogenetic	 framework	 for	
Plumbaginaceae	and	Limonium,	we	improve	knowledge	of	systemat‐
ics	 in	 species‐rich	 taxa	 that	 have	 undergone	 multiple	 taxonomic	










below).	 Three	monospecific	 genera	 and	 three	oligospecific	 genera	











see	 Table	 S2).	 Additionally,	 64	 species	 of	 Plumbaginaceae	 genera	
other	than	Limonium, representing	the	subfamilies	Plumbaginoideae	
and	Limonioideae,	were	 included	 in	the	study	 (Table	1).	Finally,	20	
species	 from	 the	 sister	 family	 Polygonaceae	 (APG	 IV,	 2016)	were	
used	as	outgroups	to	reach	a	total	sampling	of	287	taxa.




TA B L E  3  Comparison	of	previous	large	phylogenies	of	Plumbaginaceae	with	a	focus	on	Limonium	and	the	new	phylogeny	of	this	article	
(Koutroumpa	et	al.)
Taxon Sampling Lledó, Crespo, et al. (2005) Malekmohammadi et al. (2017) Koutroumpa et al.
Limonium	species 48 76 201
Other	Plumbaginaceae	species 22 9 64
Plumbaginaceae	generaa 18 10 23
Polygonaceae	outgroups – – 20
Molecular Sampling Lledó, Crespo, et al. (2005) Malekmohammadi et al. (2017) Koutroumpa et al.
cpDNA	markers 2	(rbcL, trnL‐F) 3	(trnL‐F, trnK‐matK, petD) 3	(trnL‐F, rbcL, matK)
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leaves	were	stored	in	silica	gel	and/or	press‐dried	as	part	of	herbar‐
ium	specimens.	Second,	a	 large	number	of	dried	 leaf	samples	were	
requested	 and	 acquired	 from	 collections	 of	 several	 herbaria	 (ATH,	
AZB,	E,	L,	LISC,	ORT,	P,	U,	UPA,	WAG,	Z,	ZT).	Third,	fresh	material	for	
several	Plumbaginaceae	species	was	obtained	from	living	collections	











this	 study.	 The	 choice	 of	 genetic	 loci	was	 informed	by	 the	 avail‐
ability	 of	 pre‐existing	 sequences	 for	 genetic	 markers	 generated	
in	 previous	 Plumbaginaceae	 and	 Limonium	 studies	 (e.g.,	 Lledó	 et	
al.,	1998;	Lledó	et	al.,	2000;	Lledó	et	al.,	2001;	Lledó,	Crespo,	et	
al.,	 2005;	 Palacios	 et	 al.,	 2000;	Ding,	 Zhang,	 Yu,	 Zhao,	&	 Zhang,	
2012;	Akhani	et	al.,	2013;	Moharrek,	Osaloo,	&	Assadi,	2014)	and	
by	a	pilot	study	that	we	conducted	on	12	Plumbaginaceae	taxa	(ten	
Limonium taxa:	three	of	L. subg.	Pteroclados	and	seven	of	L. subg.	
Limonium, following	the	subgeneric	division	by	Lledó,	Crespo,	et	al.,	






ndhJ,	 rpoB,	 and	 rpoC1	 had	 very	 few	 variable	 sites	 and	 provided	
little	 phylogenetic	 resolution.	 Phylogenies	 were	 better	 resolved	
when	using	 rbcL,	matK, trnL‐F and	 ITS	 regions,	 especially	 in	 com‐
bination.	 Thus,	 the	 selected	 sampling	 scheme	of	 this	 study	 com‐
plements,	significantly	expands	both	taxon	and	gene	sampling	for	
Plumbaginaceae	and	Limonium in	particular,	with	regard	to	previous	











graded	 than	 those	 from	 recently	 collected	 leaf	material,	which	
gave	higher	molecular	weight	DNA.	In	order	to	overcome	prob‐
lems	with	 PCR	 amplification	 of	 entire	 loci	 when	DNA	 samples	
of	 relatively	 low	 quality	were	 used	 as	 template	 (e.g.,	 degraded	
trnL‐F rbcL matK ITS cpDNA Reduced supermatrix
Number	of	sequences	
(=	taxa)
269 241 215 238 281 281
Number	of	Limonium 
taxa





60 41 30 58 62 64
Number	of	outgroup	
taxa	(Polygonaceae)
16 12 17 20 19 20
Number	of	characters	
in	the	alignment
1,472 1,267 847 896 3,586 4,481
Amount	of	variable	
characters	(%)
38% 29% 42% 66% 36% 42%
Amount	of	informa‐
tive	characters	(%)
28% 18% 34% 56% 26% 32%












































































































































































































































































































































































































































































































































































































Limonium pectinatum var. solandri
Limonium mucronatum
















































B = L. subsect. Nobiles
= L. sect. Pteroclados
A = L. subsect. Odontolepideae
= L. sect. Limoniodendron
= L. sect. Sarcophyllum
= L. sect. Ctenostachys
= L. sect. Plathymenium
A = L. subsect. Chrysanthae
B = L. subsect. Rhodanthae
= L. sect. Jovibarba
= L. sect. Circinaria
= L. sect. Sphaerostachys
= L. sect. Limonium
A = L. subsect. Genuinae
B = L. subsect. Hyalolepideae
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DNA	 from	old	 herbarium	 specimens),	we	 attempted	 to	 amplify	




ers	 c and	 f	 and	 the	 internal	 primers	 d and	 e (Taberlet,	 Gielly,	
Pautou,	&	Bouvet,	1991),	 and	 for	 the	 rbcL gene,	we	used	prim‐
ers	1F and	1368R	and	the	internal	primers	636F	and	724R	(Lledó	
et	 al.,	 1998).	 The	matK	 gene	was	 amplified	with	 either	matK X 





developed	 primers	 ITS‐p5 and	 ITS‐u4 and	 the	 internal	 primers	
ITS‐p3 and	ITS‐u2	(Cheng	et	al.,	2016).	Each	PCR	was	performed	
in	a	final	volume	of	20	μl,	containing	12	μl	of	ddH2O,	4	μl	of	Taq‐
Buffer	 (5×,	 7.5	mM	 MgCl2),	 0.2	μl	 of	 Taq‐Polymerase	 (5	U/μl),	
0.8 μl	of	dNTPs	(10	mM),	1	μl	of	each	primer	(10	μM),	and	1	μl	of	
DNA	 template.	 For	 the	 trnL‐F	 region,	we	 additionally	 used	 1	μl 
DMSO	(5%),	and	for	rbcL and	matK, 1.2 μl	MgCl2 (~0.025	M).	The	
volume	 of	 any	 additional	 reagent	was	 subtracted	 from	 ddH2O. 
The	 PCR	 amplification	 program	 for	 trnL‐F and	 rbcL had	 a	 first	
denaturation	 step	 of	 5	min	 at	 95°C	 and	 35	 cycles	 of:	 1	min	 at	
94°C,	1	min	at	53°C,	and	2	min	at	72°C.	For	matK, there	was	an	
initial	 denaturation	 of	 4	min	 at	 95°C	 followed	 by	 35	 cycles	 of:	
1	min	at	94°C,	1	min	at	52°C,	and	1.5	min	at	72°C.	For	 the	 ITS	
amplification	 using	 the	 primers	 ITS5 and ITS4,	 we	 used	 a	 pro‐
gram	 of	 1	min	 at	 94°C	 and	 40	 cycles	 of:	 30	s	 at	 94°C,	 40	s	 at	
53°C,	and	40	s	at	72°C,	whereas	for	primers	 ITS‐p5 and	 ITS‐u4, 
we	used	 a	 program	of	 4	min	 at	 94°C	 followed	by	34	 cycles	 of:	




Phosphatase	 (FastAP)	 (Thermo	 Scientific,	 Waltham,	 USA).	 For	
cycle	 sequencing,	BigDye	Terminator	Mix	 (Applied	Biosystems,	
Inc.,	 Foster	 City,	 California,	 USA)	 and	 the	 same	 primers	 listed	
above	were	used,	 and	 the	PCR	program	consisted	of	25	cycles	
of	10	s	at	96°C,	5	s	at	50°C,	and	4	min	at	60°C.	Finally,	ABI	3100	
Genetic	 Analyzer	 (Applied	 Biosystems,	 Foster	 City,	 California,	
USA)	was	 used	 to	 obtain	 both	 forward	 and	 reverse	 sequences	
for	each	PCR	product	of	the	four	loci	under	study.
2.4 | Data analysis and phylogenetic inference
Forward	 and	 reverse	 complement	 strands	 of	 sequences	were	 as‐
sembled	 and	 edited	with	 Sequencher	 v.5.0.1	 (Gene	Codes	 Corp.,	
Ann	 Arbor,	 Michigan,	 USA),	 resulting	 in	 reliable	 consensus	 se‐
quences.	 These	 sequences	 were	 compared	 with	 the	 public	 se‐





ited	manually	 in	BioEdit	 v.5.0.6	 (Hall,	 2001).	 In	 addition,	we	used	
the	 Recombination	 Detection	 Program	 (RDPv.4;	 Martin,	 Murrell,	
Golden,	Khoosal,	&	Muhire,	2015)	to	check	for	recombination	in	the	
aligned	ITS	sequences	of	Limonium,	which	could	affect	phylogenetic	
reconstruction	 and	 account	 for	 potential	 incongruences	 between	
chloroplast	and	nuclear	markers;	recombination	was	not	detected	
in	our	dataset.
Datasets	 for	 the	 three	 chloroplast	 loci	 and	 one	 nuclear	 locus	
including	 newly	 generated	 and	 pre‐existing	 sequences	 were	 ini‐
tially	 analyzed	 separately.	 Phylogenies	 were	 inferred	 for	 each	 of	


















Furthermore,	 cpDNA	 and	 ITS	 datasets	 were	 analyzed	 using	
Bayesian	MCMC	inference	(BI;	Yang	&	Rannala,	1997)	in	MrBayes	
v.3.2.6	 (Ronquist	 et	 al.,	 2012).	 For	 each	 dataset,	we	 performed	
two	 independent	 runs	 with	 four	 chains	 (one	 cold	 and	 three	
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incrementally	 heated).	 Chains	 were	 run	 for	 10,000,000	 gen‐
erations	 each,	 while	 parameters	 and	 trees	were	 sampled	 every	
5,000th	generation.	 In	order	to	account	for	uncertainty	of	DNA	
substitution	 model,	 we	 employed	 a	 model‐averaging	 approach	
using	a	reversible‐jump	MCMC	algorithm	(rjMCMC;	Huelsenbeck,	








to	 ITS	 and	 to	 every	 partition	 (i.e.,	 locus)	 in	 the	 cpDNA	dataset.	
MCMC	diagnostics	for	the	independent	and	combined	runs	(e.g.,	
convergence	of	parameter	 estimates	 and	effective	 sample	 sizes	
>200)	were	assessed	using	Tracer	v.1.5	 (Rambaut	&	Drummond,	
2007).	 The	 two	 runs	 of	 each	 analysis	were	 then	 combined	 dis‐




both	 high	 posterior	 probability	 (pp)	 and	 bootstrap	 values	 (i.e.,	




quences	of	all	 four	 loci	 into	a	single	supermatrix.	Well‐supported	
topological	conflicts	between	the	chloroplast	and	nuclear	datasets	

















the	same	dataset	and	partitioning	 for	every	 locus,	 rjMCMC	algo‐
rithm	was	used	for	model	averaging	+Γ	and	two	independent	runs	
of	10,000,000	iterations	were	employed.	All	trees	were	visualized	
and	 rooted	 using	 FigTree	 v.1.4.2	 (Rambaut,	 2007),	 Dendroscope	





3.1 | Genetic datasets and phylogenetic analyses
Six	hundred	and	ninety‐four	sequences	were	generated	for	this	
study	of	Plumbaginaceae,	comprising	189	new	trnL‐F sequences	
(GenBank:	 MH560967–MH561155),	 172	 new	 rbcL sequences	
(GenBank:	 MH582667–MH582838),	 179	 new	matK sequences	
(GenBank:	 MH582839–MH583017),	 and	 154	 new	 ITS	 se‐
quences	 (GenBank:	MH582513–MH582666;	 see	also	Data	S3).	




quences	or	 the	generation	of	only	a	part	of	 the	 full	 sequences	
(for	trnL‐F, rbcL, and	ITS, where	internal	primers	were	available).	
Information	 about	 data	 matrices	 of	 individual	 and	 combined	
loci	can	be	found	in	Table	4.	The	ITS	region	exhibits	the	highest	
amount	of	potentially	informative	characters	(56%),	followed	by	





for	 BI	 and	 bs	=	70%–79%	 for	 ML)	 and	 strongly	 supported	 nodes	




generally	 similar,	 while	 some	 topological	 differences	 were	 mostly	
found	 between	 non‐supported	 nodes	 and	 only	 a	 few	 exceptions	
of	well‐supported	 incongruences	were	 observed	 (see	 below).	 The	
ITS	Bayesian	tree	showed	better	resolution	(146	out	of	237	nodes	




















































































































































































































D = L. subsect. Densiflorae
C = L. subsect. Dissitiflorae
E = L. subsect. Steirocladae
= L. sect. Polyarthrion
= L. sect. Schizhymenium
= L. sect. Siphonantha
= L. sect. Limonium
























































Limonium pectinatum var corculum
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resolved	in	the	50%	majority‐rule	tree;	Figure	S1)	compared	to	the	




the	 50%	majority‐rule	 Bayesian	 tree.	 Thus,	 phylogenetic	 relation‐
ships	are	presented	and	discussed	based	on	 the	 tree	 from	 the	 re‐
duced	supermatrix	dataset,	except	for	the	“Mediterranean	lineage”	
of	Limonium, where	both	cpDNA	and	ITS	phylogenies	are	presented	






and	 Dyerophytum	 Kuntze	 are	 monophyletic	 (pp	=	1,	 bs	=	100%),	
whereas	Plumbago	 is	 not.	 Specifically,	Plumbago europaea	 L.	 is	 sis‐
ter	to	Plumbagella	(pp	=	1,	bs	=	100%),	while	other	Plumbago	species	








Goniolimon Boiss.	 are	 not.	 Limonieae	 consist	 of	 four	 mostly	 well‐
supported	major	clades	(see	clades	I–IV;	Figure	1),	forming	a	tetra‐
tomy	 (sister	 relationship	 of	 clades	 II	 and	 III	 is	 not	well‐supported,	
bs	 <	 50%	 and	 pp	=	0.83;	 Figure	 1).	 In	 clade	 IV,	 Armeria (pp	=	1,	
bs	=	100%)	 is	 sister	 to	 Psylliostachys (pp	=	1,	 bs	=	100%)	 and	 to‐
gether	 they	 are	 sister	 to	 a	 clade	 (pp	=	1,	 bs	=	100%)	 comprised	of	
Saharanthus,	Myriolimon, Bakerolimon, and	Muellerolimon.	 In	 clade	
III,	 Ceratolimon	 and	 Limoniastrum	 are	 reciprocally	 monophyletic	
sister	 lineages	 (pp	=	1,	 bs	=	100%).	 In	 clade	 II,	 Goniolimon	 as	 cur‐
rently	 circumscribed	 is	 paraphyletic,	 with	 Ikonnikovia nested	 in	 it.	
Goniolimon and	 Ikonnikovia (pp	=	1,	bs	=	100%)	are	sister	to	a	clade	
formed	by	Acantholimon, Vassilczenkoa, Cephalorhizum, Popoviolimon, 
Dictyolimon,	 and	 Buckiniczia (pp	=	1,	 bs	=	100%).	 There	 are	 two	
monophyletic	 groups	 of	 Acantholimon species	 (pp	=	1,	 bs	=	92%	
and	pp	=	1,	bs	=	97%,	respectively):	One	is	part	of	a	well‐supported	
clade	 (pp	=	1,	bs	=	98%)	 sister	 to	a	clade	comprised	of	Dictyolimon 
and	 Bukiniczia (pp	=	1,	 bs	=	100%),	 and	 the	 other	 forms	 part	 of	 a	
moderately	to	poorly	supported	clade	(pp	=	0.92	and	bs	=	57%,	re‐






is	divided	 into	 two	major	clades	 (A	and	B;	Figure	2).	 In	clade	A,	L. 
sect.	Pteroclados (Boiss.)	Bokhari	(=	L. subg.	Pteroclados sensu	Lledó,	
Crespo,	 et	 al.,	 2005)	 is	 sister	 to	 L. anthericoides	 (Schltr.)	 R.A.Dyer	
(pp	=	1,	 bs	=	100%),	 and	 divided	 into	 the	 two	 reciprocally	 mono‐
phyletic	 subsections,	 L. sect.	 Pteroclados subsect.	 Odontolepideae 
and	 subsect.	Nobiles sensu	 Boissier	 (1848;	 pp	=	1,	 bs	=	100%	 and	
pp	=	1,	 bs	=	85%,	 respectively).	 In	 clade	 B,	 the	monotypic	 L. sect.	
Limoniodendron Svent.	 (L. dendroides Svent.;	 subclade	 B1)	 is	 sis‐
ter	to	two	well‐supported	subclades	(B2:	pp	=	1,	bs	=	90%	and	B3:	
pp	=	1,	bs	=	100%;	Figure	2).	Clade	B2	consists	of	taxa	assigned	to	L. 
sect.	Sarcophyllum,	L. sect.	Nephrophyllum Rech.f., L. sect.	Limonium, 
L. sect.	 Plathymenium (Boiss.)	 Lincz., L. sect.	 Siphonocalyx Lincz.,	
L. sect.	 Ctenostachys (Boiss.)	 Sauvage	 &	 Vindt, L. sect.	 Jovibarba 
sensu	 Boissier	 (1848), L. sect.	Circinaria, L. sect.	 Iranolimon and	 L. 
sect.	Sphaerostachys (Boiss.)	Bokhari	(Figure	2). Clade	B3	comprises	
taxa	 from	 L. sect.	 Polyarthrion (Boiss.)	 Sauvage	 &	 Vindt, L. sect.	
Siphonantha (Boiss.)	Sauvage	&	Vindt, L. sect.	Limonium and	L. sect.	
Schizhymenium (Boiss.)	Bokhari	(Figure	3).
At	the	sectional	 level,	apart	 from	the	monotypic	Limonium sect.	
Jovibarba, L. sect. Limoniodendron, L. sect.	 Schizhymenium	 and	 L. 
sect.	 Siphonantha,	 and	 the	 L. sect.	 Siphonocalyx	 represented	 here	
by	 only	 one	 species,	 the	L. sect.	Pteroclados, L. sect. Plathymenium, 
L. sect. Ctenostachys,	 L. sect.	 Circinaria, L. sect.	 Iranolimon, L. sect. 
Sphaerostachys, and	L. sect.	Polyarthrion (in	the	ITS	tree;	Figure	3)	are	
strongly	supported	as	monophyletic	(Figures	2	and	3).	The	remaining	







In	 clade	 B2	 (Figure	 2),	 Limonium sect.	 Sarcophyllum	 sensu	
Linczevski	(1952)	is	polyphyletic	with	representatives	in	two	separate	
and	well‐supported	clades	(pp	=	1,	bs	=	100%),	one	formed	by	L. cylin‐
drifolium (Forssk.)	Verdc.	ex	Cufod., L. axillare (Forssk.)	Kuntze, L. som‐
alorum (Vierh.)	Hutch.	&	E.A.Bruce, L. stocksii (Boiss.)	Kuntze	and	the	
unclassified	L. sokotranum (Vierh.)	Radcl.‐Sm., L. paulayanum (Vierh.)	
Ghaz.	&	J.R.Edm., L. sarcophyllum	Ghaz.	&	J.R.Edm.	and	L. milleri	Ghaz.	
&	 J.R.Edm., and	 the	 other	 formed	 by	 L. carnosum (Boiss.)	 Kuntze, 
L. iranicum (Bornm.)	Lincz.,	L. suffruticosum (L.)	Kuntze, L. anatolicum 
Hedge,	and	L. palmyrense (Post)	Dinsm.	The	former	clade	is	sister	to	
a	 moderately	 to	 poorly	 supported	 clade	 (pp	=	0.86	 and	 bs	=	62%,	
respectively)	comprising	all	other	Limonium taxa	in	clade	B2,	includ‐
ing	 the	 latter	 clade.	 This	 latter	 clade,	which	was	 recently	 assigned	
to	 the	newly	 formed	L. sect.	 Iranolimon,	 is	part	of	a	clade	compris‐
ing	L. sect.	Circinaria,	L. sect.	Sphaerostachys, and	L. sect.	Limonium 
subsect.	Genuinae sensu	Boissier	(1848;	pp	=	1,	bs	=	100%).	Limonium 
sect.	Plathymenium is	monophyletic,	but	 its	subsections,	L. subsect.	
Chrysanthae and	 L. subsect.	 Rhodanthae sensu	 Boissier	 (1848),	 are	
not.	Limonium sect.	Plathymenium	is	sister	to	a	clade	formed	by	spe‐
cies	assigned	to	L. sect.	Nephrophyllum and	L. sect.	Limonium subsect.	
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Hyalolepideae sensu	Boissier	(1848),	and	these	sister	lineages	together	
with	L. sogdianum Ikonn.‐Gal.	(L. sect.	Siphonocalyx)	form	a	well‐sup‐




L. sect.	Polyarthrion is	monophyletic	 and	 sister	 to	 a	well‐supported	




cumscription	 (Boissier,	 1848),	L. sect.	Limonium is	 polyphyletic	 and,	
of	its	subsections,	L. subsect.	Genuinae is	monophyletic	(considering	
the	 latest	 classification	 for	 L. latifolium	 (Sm.)	 Kuntze;	 see	 Figure	 2),	
L. subsect.	 Pruinosae (Batt.)	 Sauvage	 &	 Vindt	 is	 well‐supported	 as	
monophyletic	in	the	ITS	tree,	L. subsect.	Hyalolepideae is	clearly	non‐
monophyletic,	with	its	representatives	found	in	both	clades	B2	and	




“microspecies”;	Figure	3).	All	 three	of	L. subsect.	Densiflorae, L. sub‐
sect.	Dissitiflorae and	L. subsect.	Steirocladae	 are	non‐monophyletic	
based	on	well‐supported	nodes.
The	cpDNA	and	ITS	trees	of	the	“Mediterranean	lineage”	(=	clade	
B3;	 Figure	 3)	 show	 incongruences	 between	 some	 well‐supported	














est	 number	 of	 genera,	 species,	 and	 sequences	 sampled	 to	 date.	 The	
major	 findings	 for	 Plumbaginaceae	 genera	 are	 the	 confirmed	 lack	 of	
monophyly	for	Plumbago,	and	the	phylogenetic	positions	of	Plumbagella 
sister	 to	 Plumbago europaea, Ikonnikovia nested	 within	 Goniolimon,	







main	 implications	of	our	phylogenetic	 results	 for	 the	 infrageneric	clas‐
sifications	 of	 Limonium are:	 the	 composition	 of	 one	 of	 the	 two	major	
clades	in	Limonium	phylogeny	(Clade	A)	that	do	not	strictly	match	L. subg.	
Pteroclados s.s.	(i.e.,	=	L. sect.	Pteroclados),	but	additionally	includes	L. an‐
thericoides as	sister	to	it;	the	subdivision	of	L. subg.	Limonium (Clade	B)	
into	 three	 well‐supported	 subclades	 (i.e.,	 B1:	 L. sect.	 Limoniodendron,	
B2:	 mostly	 non‐Mediterranean	 Limonium species	 assigned	 to	 several	
sections,	and	B3:	“Mediterranean	 lineage”);	the	 identification	of	a	new	
section	of	Limonium comprising	L. anthericoides;	and	the	new	circumscrip‐







The	 monophyly	 of	 Plumbaginaceae	 and	 the	 division	 of	 the	 fam‐
ily	 into	 two	 subfamilies,	 Plumbaginoideae	 and	 Limonioideae,	 are	
confirmed	 in	 this	 study	 and	 are	 in	 agreement	with	previous	phylo‐
genetic	 results	 based	 on	 more	 limited	 taxon	 and	 molecular	 sam‐
pling	 (Lledó	et	 al.,	 1998,	2001).	 This	 is	 the	 first	 phylogenetic	 study	
to	 sample	 all	 four	 genera	of	Plumbaginoideae,	 including	 the	mono‐










(2005).	 Plumbago and	 Plumbagella have	 glandular	 calyces,	 which	 is	
a	 diagnostic	 trait,	 distinct	 for	 the	 family	 (Kubitzki,	 1993).	However,	
Plumbagella, which	 is	 the	only	annual	herb	of	Plumbaginoideae,	has	
calyces	 deeply	 divided	 into	 five	 lobes	 bearing	 glands	 and	 glabrous	
calyx	tube	(eFloras,	2008).	According	to	our	results,	the	circumscrip‐
tion	of	Plumbago is	challenged	and	its	generic	boundaries	should	be	






Our	 topology	 newly	 suggests	 a	 biogeographic	 disjunction	
between	 temperate	 and	 tropical/subtropical	 taxa.	 Specifically,	
Plumbago europaea and	 Plumbagella micrantha (Ledeb.)	 Spach, oc‐
curring	 predominantly	 in	 temperate	 regions	 of	 Eurasia,	 form	 a	
clade	 sister	 to	 the	 clade	 comprising	 the	 other	 Plumbago species	
and	Dyerophytum (Figure	1), which	occur	in	tropical	and	subtropical	
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regions	of	the	Old	(D. africanum (Lam.)	Kuntze, D. indicum (Gibs.	ex	
Wight)	 Kuntze, Plumbago indica L., Plumbago auriculata Lam.	 and	
Plumbago zeylanica	L.)	and	New	World	(Plumbago caerulea Kunth	and	
Plumbago zeylanica).	All	representatives	of	Plumbaginoideae	occur	in	
the	Old	World,	apart	from	three	out	of	ca.	20	species	of	Plumbago 
that	occur	 in	 the	New	World.	Based	on	our	 current	 sampling,	 the	
phylogenetic	placement	of	 the	neotropical	Plumbago zeylanica and	
Plumbago caerulea, embedded	in	a	clade	otherwise	formed	by	paleo‐
tropical	taxa,	is	consistent	with	a	pattern	of	colonization	of	the	New	




Limonioideae	 have	 a	 more	 complex	 taxonomic	 history	 than	
Plumbaginoideae,	 with	 many	 of	 the	 currently	 described	 genera	
originally	 assigned	 to	 the	 former	genus	Statice. Several	 new,	 small	
genera	 have	 been	 segregated	 primarily	 from	 the	 two	 most	 spe‐
cies‐rich	genera	(Limonium and	Acantholimon).	Here,	we	sampled	19	
out	of	25	genera	for	Limonioideae	(Table	1),	expanding	on	previous	
molecular	 phylogenetic	 analyses	 (e.g.,	 Lledó,	 Crespo,	 et	 al.,	 2005;	
Malekmohammadi	et	al.,	2017;	Moharrek	et	al.,	2017)	and	 further	
clarifying	 intergeneric	boundaries	and	relationships	 in	the	subfam‐
ily.	 In	our	phylogeny	 (Figure	1),	Aegialitis (Aegialitideae)	 is	 sister	 to	






but	 anatomical	 features	 intermediate	 between	 the	 two	 subfami‐
lies	(Maury,	1886)	and	breeding	system	similar	to	Plumbaginoideae	
(Plumbago‐type	 pollen	 and	 monomorphic	 stigma).	 In	 addition,	
Aegialitis is	 the	 only	 genus	 of	 Limonioideae	 with	 a	 fully	 tropical	
distribution,	 similar	 to	 the	great	majority	of	Plumbaginoideae.	The	
placement	 of	 Aegialitis in	 our	 phylogeny	 as	 sister	 to	 the	 rest	 of	
Limonioideae	supports	Baker’s	(1948)	hypothesis	described	above.
In	 tribe	 Limonieae,	 our	 topology	 corroborates	 previous	 phy‐
logenies	(e.g.,	Lledó,	Crespo,	et	al.,	2005;	Moharrek	et	al.,	2017)	in	
supporting	 the	 sister	 relationships	 of	 Armeria with	 Psylliostachys,	
Ceratolimon with	 Limoniastrum,	 and	Goniolimon with	 a	 clade	 com‐
prising	Acantholimon and	related	genera	(Figure	1).	Using	nine	spe‐
cies	of	Armeria and	two	species	of	Psylliostachys, we	confirmed	the	
reciprocal	 monophyly	 of	 these	 two	 sister	 genera	 (see	 also	 Lledó,	
Crespo,	et	al.,	2005;	Moharrek	et	al.,	2014;	Moharrek	et	al.,	2017).	
Armeria and	 Psylliostachys share	 a	 unique	 morphological	 charac‐
teristic	of	 the	calyx	 (i.e.,	 the	rib‐like	 tissue	of	 the	calyx	 limb	 is	not	
present	along	 the	calyx	 tube	as	 it	 fuses	at	 the	 limb	base;	Lledó	et	
al.,	2001),	but	the	former	comprises	perennial	herbs	with	a	primar‐
ily	Western	Mediterranean	distribution,	while	the	latter	consists	of	
annual	 herbs	with	 an	 Irano‐Turanian	 distribution.	Our	 results	 also	
agree	with	 Lledó,	 Crespo,	 et	 al.	 (2005)	 findings	 in	 supporting	 the	
sister	 relationship	 of	 Armeria‐Psylliostachys clade	 with	Myriolimon,	
Bakerolimon, and	 Saharanthus.	 However,	 while	 our	 dataset	 also	
placed	 the	 monospecific	Muellerolimon	 in	 a	 well‐supported	 clade	
with	 Myriolimon,	 Bakerolimon,	 and	 Saharanthus, Lledó,	 Crespo,	
et	 al.’s	 (2005)	 phylogeny	 placed	 it	 within	 a	 well‐supported	 clade	
comprising	 two	 species	 of	 Goniolimon.	 Our	 results	 are	 also	 cor‐
roborated	by	Malekmohammadi	et	 al.’s	 (2017)	phylogenetic	 study.	
In	 the	 latter	 study,	 even	 though	 Goniolimon was	 not	 sampled,	
Muellerolimon was	 sister	 to	Bakerolimon and	Myriolimon in	 a	 clade	
sister	 to	Psylliostachys (similar	 to	 our	 results)	 and	 distantly	 related	
to	Acantholimon‐Popoviolimon,	a	clade	representing	the	closest	rel‐




ship	 of	Muellerolimon and	 Bakerolimon	 (specifically	 Bakerolimon is	
sister	to	Muellerolimon and	Saharanthus clade;	Figure	1)	is	consistent	






Western	Australia),	Baker	 (1953b)	 hypothesized	 that	 these	 genera	
are	possibly	divergent	 lineages	 (“remnants”)	of	an	ancient	stock	of	
Limonioideae	that	colonized	Western	Australia	from	South	America,	







filaments	to	the	corolla	up	to	 its	 tube	apex,	a	 feature	absent	from	
all	 other	 Plumbaginaceae	 genera	 (Lledó	 et	 al.,	 2000).	Ceratolimon 
species	 have	 rosulate	 leaves,	 spikelets	 with	 an	 entire	 to	 multifid	
outer	bract,	and	a	longer	horned	inner	bract	(middle	bract	absent),	
whereas	 Limoniastrum species	 have	 alternate	 leaves	 and	 spikelets	
with	three	smooth	bracts	(Crespo	&	Lledó,	2000;	Lledó	et	al.,	2000).	
Limoniastrum is	 distributed	 in	 coastal	 areas	 of	 the	Mediterranean	
region	(L. monopetalum (L.)	Boiss.)	and	subdesert	areas	of	northern	




M.D.Lledó	and	C. feei (Girard)	M.B.Crespo	&	M.D.Lledó	 in	Algeria,	
Morocco,	Sahara	and	Mauritania	(Saharan	province,	Saharo‐Arabian	
region;	Crespo	&	Lledó,	2000).
In	 our	 study,	 the	monospecific	 genus	 Ikonnikovia	 is	 embedded	
within	Goniolimon	in	a	well‐supported	clade	(Figure	1).	This	result	is	
not	 completely	 unexpected	 since	 Ikonnikovia kaufmanniana (Regel)	
Lincz.	 was	 previously	 assigned	 to	 Goniolimon (G. kaufmannianus 
(Regel)	Voss.)	and	was	later	segregated	by	Linczevski	(1952)	on	the	











stricted	 to	Central	Asia	 (Kubitzki,	 1993;	 Linczevski,	 1952;	Hassler,	
2018).	According	 to	our	 phylogenetic	 results	 and	 the	 shared	mor‐
phological	characters	between	Ikonnikovia and	Goniolimon,	the	sta‐
tus	of	Ikonnikovia as	a	separate	genus	cannot	be	further	accepted.
The	 Irano‐Turanian	 genera	 Acantholimon,	 Vassilczenkoa,	
Cephalorhizum, Popoviolimon, Dictyolimon, and	 Bukiniczia form	
a	 well‐supported	 clade	 sister	 to	 the	 Goniolimon clade	 (clade	 II;	
Figure	 1),	 confirming	 previous	 findings	 (Moharrek	 et	 al.,	 2017).	
The	 lack	of	monophyly	 for	Acantholimon and	 the	presence	of	 two	
separate	 clades	 comprising	 Acantholimon species	 were	 presented	
by	Moharrek	et	al.	 (2017),	who	sampled	121	Acantholimon species	
and	 two	molecular	 markers	 (trnY‐trnT spacer	 and	 ITS	 region),	 and	
are	 in	 agreement	with	 our	 results.	 The	well‐supported	 sister	 rela‐
tionship	 between	 one	 of	 the	 two	Acantholimon lineages	 with	 the	
Dictyolimon‐Bukiniczia clade	 in	 our	 study	 (Figure	 1)	 match	 closely	
that	 of	Moharrek	 et	 al.’s	 (2017;	 see	 “Clade	B”),	which	 additionally	
included	 the	 monospecific	 genus	 Gladiolimon (not	 sampled	 here)	
within	 the	 Acantholimon lineage.	 A	 difference	 between	 our	 and	









unclear.	 A	wide	 circumscription	 of	Acantholimon has	 been	 already	
proposed	(Moharrek	et	al.,	2017),	in	which	Acantholimon s.s. with	all	
the	aforementioned	related	genera	constitute	Acantholimon s.l.,	and	
within	 it,	 the	Dictyolimon‐Bukiniczia,	 Cephalorhizum–Popoviolimon–






Limonium forms	 a	 well‐supported	 monophyletic	 group,	 yet	 its	
sister	 group	 remains	 unresolved	 (clade	 I;	 Figure	 1).	 The	 only	 gen‐
era	of	Limonioideae	not	yet	included	in	any	molecular	phylogenetic	
analyses	 are	 the	 Irano‐Turanian	 Ghaznianthus, Limoniopsis,	 and	
Neogontscharovia, which	comprise	one,	 two,	and	three	species,	 re‐
spectively.	New	 insights	 into	 the	circumscription	and	 relationships	
within	 Limonioideae	 were	 provided	 by	 the	 current	 study	 with	












concerns	 in	 Limonium,	we	 performed	 an	 exhaustive	 review	 of	 the	
taxonomic	literature	and	used	the	available	morphological,	biogeo‐
graphic,	 and	 cytological	 information	 to	 assign	 the	 ca.	 400	 species	
of	Limonium	 that	were	not	sampled	 in	our	molecular	phylogeny	to	
the	 resulting	 clades	 and	 their	 corresponding	 taxonomic	 units	 (see	
Figures	2	and	3).	The	results	of	the	mentioned	review	are	compiled	
in	Table	S3,	which	covers	the	ca.	600	named	species	of	Limonium. 
This	effort	 resulted	 in	 the	assignment	of	almost	all	 (>99%)	unsam‐





(see	 below).	 Below	 we	 discuss	 the	 taxonomic	 implications	 of	 our	
phylogenetic	results	providing	additional	information	on	geographic	
distributions	and	morphological	characteristics	of	each	group.
4.3.1 | Clade A—Limonium subg. Pteroclados s.l.
Limonium sect. Pteroclados and L. anthericoides
Limonium sect.	Pteroclados forms	a	highly	supported	monophyletic	






cal	 study	of	Karis	 (2004)	on	18	species	of	 this	 section,	L. subsect.	
Odontolepideae and	L. subsect.	Nobiles	were	monophyletic,	 though	
they	 received	only	 low	 (50%)	and	moderate	 (73%)	 support	values,	
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Limonium sect.	 Pteroclados subsect.	Odontolepideae,	 character‐
ized	 by	 cuspidate	 inner	 bracts	 and	 usually	 conspicuously	 winged	
stems	 (Karis,	 2004),	 is	 distributed	 mostly	 in	 the	 Mediterranean	
region:	 L. beaumierianum (Coss.	 ex	 Maire)	 Maire, L. bonduellei (T.	
Lestib.)	 Kuntze,	 and	 L. mouretii	 (Pit.)	 Maire	 are	 endemic	 to	 North	
Africa,	 and	 L. lobatum (L.f.)	 Chaz.	 and	 L. sinuatum (L.)	 Mill.	 have	 a	
wider	 distribution	 from	 Macaronesia	 to	 SW	 Asia	 (Hassler,	 2018).	
Limonium sect.	Pteroclados subsect.	Nobiles,	 characterized	by	 trun‐
cate	 inner	 bracts	 and	 more	 inconspicuously	 winged	 stems	 than	
L. subsect.	 Odontolepideae (Karis,	 2004),	 consists	 exclusively	 of	
Canarian	endemics.	Its	well‐supported	monophyly	in	our	phylogeny	
postulates	a	 single	colonization	event	of	 the	Canaries	 followed	by	
in	 situ	 diversification.	 However,	 the	 placement	 of	 other	 Canarian	
endemics,	as	distant	from	the	Nobiles clade	and	 in	separate	clades	
of	our	phylogeny	(see	L. sect.	Ctenostachys,	L. sect.	Limoniodendron, 
and	“Mediterranean	lineage”),	suggests	that	Limonium colonized	the	
Canarian	 Islands	via	multiple	 (at	 least	 four)	 long‐distance	dispersal	
events	(see	also	Caujapé‐Castells	et	al.,	2017).	Our	results	comple‐
ment	 previous	 morphological,	 anatomical,	 chemical	 and	 phyloge‐
netic	 studies	 on	 L. sect.	Pteroclados (Bokhari,	 1970,	 1972;	Hanson	
et	al.,	1994;	Karis,	2004;	Lledó	et	al.,	2011;	Rao	&	Das,	1981)	pro‐
viding	 solid	 support	 for	 its	 recognition	 including	 two	well‐defined	
subsections.
Limonium sect.	Pteroclados is	 sister	 to	L. anthericoides in	our	
phylogeny	(Figure	2).	This	is	a	novel	sister	relationship,	as	in	the	
absence	of	L. anthericoides in	previous	 studies,	 the	 section	was	
sister	 to	 all	 other	 Limonium species	 (e.g.,	 Lledó,	 Crespo,	 et	 al.,	
2005;	Lledó	et	al.,	2011;	Akhani	et	al.,	2013;	Malekmohammadi	
et	al.,	2017).	Limonium anthericoides is	endemic	to	the	coasts	of	
the	Western	Cape	 in	South	Africa	 and	has	 a	peculiar	morphol‐
ogy	that	distinguishes	 it	 from	the	rest	of	South	African	species	
and	all	other	Limonium,	namely	slender	fragile	branches,	aristate	
calyx	 ribs	 extending	over	 and	being	 longer	 than	 the	 calyx	 limb	
and	very	 lax	 inflorescences	 (Dyer,	1963;	Schlechter,	1898).	The	
overall	 morphology	 of	 this	 species	 differs	 substantially	 from	
that	of	its	sister	L. sect.	Pteroclados,	precluding	its	inclusion	in	it	
(see	also	Taxonomic	Proposals).	There	are	only	few	morphologi‐
cal	similarities	between	L. anthericoides and	L. sect.	Pteroclados,	
namely	 fruits	 with	 circumscissile	 dehiscence	 (yet,	 this	 feature	
is	also	 found	 in	L. sect.	Ctenostachys and	L. sect.	Jovibarba)	 and	
inconspicuous	 calyx	 with	 aristate	 ribs,	 which	 occurs	 in	 L. mo‐
uretii of	 L. sect.	 Pteroclados subsect.	 Odontolepideae	 (Boissier,	
1848;	 Dyer,	 1963;	 Karis,	 2004;	 K.	 Koutroumpa	 pers.	 obs.).	
Morphological	data	together	with	phylogenetic	findings	suggest	
the	placement	of	L. anthericoides into	a	separate,	new	section	for	
Limonium (see	Taxonomic	proposals)	sister	to	L. sect.	Pteroclados. 
In	 addition,	 our	 results	 challenge	 the	 subgeneric	 division	 of	
Limonium	proposed	by	Lledó,	Crespo,	et	al.	(2005)	and	followed	
by	 later	authors	 (e.g.,	Akhani	et	al.,	2013;	Malekmohammadi	et	
al.,	 2017),	 and	 postulate	 the	 extension	 of	 the	 limits	 of	 L. subg.	
Pteroclados,	 previously	matching	L. sect.	Pteroclados,	 to	 include	
L. anthericoides into	 the	 newly	 circumscribed	 Limonium subg.	
Pteroclados s.l.
4.3.2 | Clade B—Limonium subg. Limonium
Limonium sect. Limoniodendron
Sventenius	(1960)	described	the	monotypic	L. sect.	Limoniodendron 
to	 accommodate	 L. dendroides, which	 is	 endemic	 to	 La	 Gomera	








Limonium sect. Sarcophyllum and L. sect. Iranolimon
Limonium sect.	Sarcophyllum	was	originally	 a	 subsection	of	L. sect.	
Limonium (under	Statice;	 Boissier,	 1848)	 and	was	 subsequently	 el‐
evated	to	sectional	rank	by	Linczevski	(1952).	It	is	characterized	by	
subshrubby	 habit,	 long,	 leafy,	 woody	 stems	 with	 glaucous,	 fleshy	
leaves.	The	polyphyly	of	L. sect.	Sarcophyllum	 has	been	 supported	
in	previous	phylogenetic	studies	(Akhani	et	al.,	2013;	Lledó,	Crespo,	
et	al.,	2005;	Malekmohammadi	et	al.,	2017)	and	 is	confirmed	here	
(Figure	 2).	 Lledó,	 Crespo,	 et	 al.	 (2005)	 recovered	 three	 different	
lineages	 for	 the	 five	 sampled	 species:	L. stocksii, L. somalorum, and	
L. axillare were	 placed	 together,	 while	 L. cylindrifolium and	 L. car‐
nosum	 were	 placed	 in	 two	 different	 clades.	 Our	 results,	 although	
contradicting	 those	 of	 Lledó,	 Crespo,	 et	 al.	 (2005)	 by	 identifying	
two	 instead	 of	 three	 different	 lineages	 for	 the	 species	 of	 L. sect.	
Sarcophyllum (Figure	 2),	 are	 similar	 to	 those	 presented	 by	 Akhani	
et	al.	 (2013)	and	Malekmohammadi	et	al.	 (2017).	The	phylogenetic	
placement	of	L. cylindrifolium as	sister	to	L. biflorum	in	a	clade	that	in‐
cludes	Mediterranean	species	(Lledó,	Crespo,	et	al.,	2005)	is	not	con‐
firmed	by	 the	current	 study,	and	 instead,	L. cylindrifolium is	placed	
with	other	 species	of	L. sect.	Sarcophyllum (Figure	2).	The	 rbcL	 se‐
quence	used	by	Lledó,	Crespo,	et	al.	(2005)	for	L. biflorum produced	
an	 extraordinarily	 long	 branch	 that	 could	 bias	 phylogenetic	 infer‐
ence	and	result	in	a	doubtful	sister	relationship	with	L. cylindrifolium. 
Indeed,	we	 confirmed	 the	 aforementioned	 bias	 in	 our	 preliminary	
analyses;	 hence,	we	 replaced	 Lledó,	 Crespo,	 et	 al.	 (2005)	 rbcL se‐
quence	of	L. biflorum	with	a	recently	generated	one	(Galmés	et	al.,	
2014),	which	allowed	us	to	resolve	the	placement	of	L. cylindrifolium.
Malekmohammadi	et	al.	 (2017)	segregated	one	of	 the	 two	clades	





to	it	form	a	highly	supported	clade	closely	related	to	L. sect.	Ciricinaria, L. 
sect.	Sphaerostachys and	L. sect.	Limonium subsect.	Genuinae	(Figure	2).	
Species	of	L. sect.	Iranolimon are	mostly	distributed	in	the	Irano‐Turanian	
region,	 whereas	 the	 remaining	 species	 of	 L. sect.	 Sarcophyllum are 
mostly	 found	 in	 the	Sudano‐Zambezian	 region.	 In	our	phylogeny,	 the	
Sudano‐Zambezian/Saharo‐Arabian	 L. axillare	 and	 Sudano‐Zambezian	
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L. stocksii, L. somalorum, L. sokotranum, L. paulayanum, L. sarcophyllum, 








Limonium sect. Nephrophyllum and “L. bellidifolium complex”
Limonium sect.	 Nephrophyllum was	 originally	 designated	 by	
Rechinger	in	Flora Iranica (Rechinger	&	Schiman‐Czeika,	1974)	and	
is	 characterized	by	 round	 reniform	amplexicaule	 stem	 leaves,	not	
persistent	 (caducous)	 rosette	 leaves,	 and	 obconical	 calyces	 with	
narrow	 limbs.	 As	 originally	 circumscribed,	 this	 section	 includes	
L. otolepis (Schrenk)	 Kuntze, L. perfoliatum (Kar.	 ex	 Boiss.)	 Kuntze,	
and	 L. reniforme	 (Girard)	 Lincz.,	 which	 are	 endemic	 to	 the	 Irano‐
Turanian	region	(Akhani	et	al.,	2013;	Rechinger	&	Schiman‐Czeika,	
1974).	The	three	species	of	this	section	do	not	form	a	monophyletic	
group	 in	 our	 molecular	 phylogeny.	 Limonium sect.	Nephrophyllum 
together	with	 species	 of	 L. sect.	 Limonium subsect.	Hyalolepideae 










L. sect.	Nephrophyllum and	L. sect.	Limonium subsect.	Hyalolepideae. 
Apart	 from	 L. bellidifolium, which	 has	 a	 wide	 distribution	 from	
the	 Irano‐Turanian	 to	 the	 Mediterranean	 and	 northern	 Europe	
(Pignatti,	1972;	Hassler,	2018),	 the	rest	of	 the	species	 included	 in	
this	 clade	 are	 strictly	 Irano‐Turanian	 elements.	 Considering	 both	
morphological	 and	 molecular	 evidence,	 and	 in	 agreement	 with	
Malekmohammadi	et	al.	(2017),	a	wider	circumscription	of	Limonium 
sect.	Nephrophyllum (i.e.,	L. sect.	Nephrophyllum s.l.)	 is	proposed	to	
accommodate	all	species	in	this	clade.
Limonium sect. Plathymenium and L. sect. Siphonocalyx
Limonium sect.	Plathymenium is	sister	to	L. sect.	Nephrophyllum s.l. 
and	forms	a	well‐supported	clade	together	with	L. sect.	Siphonocalyx 
(Figure	 2),	 similar	 to	 previous	 findings	 (Malekmohammadi	 et	 al.,	
2017).	 Limonium sect.	 Plathymenium is	 characterized	 by	 caudex	
bearing	hyaline	to	brown	or	black	scales,	cylindrical,	angled	or	very	
narrowly	 winged	 branches,	 capitate	 inflorescences,	 funnel‐form	
calyces	with	broad	 limbs,	 strongly	oblique	at	base	 (e.g.,	Boissier,	
1848;	Linczevski,	1952).	Though	the	monophyly	of	this	section	is	
well‐established	 (Lledó,	 Crespo,	 et	 al.,	 2005;	 Malekmohammadi	
et	 al.,	 2017),	 the	 subdivision	 into	 L. sect.	Plathymenium subsect.	
Chrysanthae and	subsect.	Rhodanthae proposed	by	Boissier	(1848)	








tion	 into	 L. subsect.	Chrysanthae and	 subsect.	Rhodanthae is	 not	
supported	by	our	results.
Limonium sect. Jovibarba, L. sect. Ctenostachys, and L. lobinii
Limonium sect.	 Jovibarba	 is	 a	 monotypic	 section	 for	 L. jovibarba 
(Webb)	 Kuntze,	 an	 endemic	 species	 of	 Cape	 Verde	 (Boissier,	
1848).	 Limonium jovibarba is	 a	 subshrub	 with	 branched	 woody	
caudex,	 funnel‐form	 calyces	 with	 fringed	 margins	 divided	 into	
five	 tooth‐like	 lobes,	 and	 circumscissile	 fruits	 (Lobin,	 Leyens,	
Kilian,	Erben,	&	Lewejohann,	1995).	It	is	sister	to	the	clade	formed	
by L. lobinii	 and	 L. sect.	Ctenostachys,	 with	 which	 it	 constitute	 a	
highly	 supported	 lineage	 (Figure	 2).	 The	 sister	 relationship	 be‐
tween	 L. sect.	 Jovibarba and	 L. sect.	 Ctenostachys was	 originally	
presented	in	Lledó,	Crespo,	et	al.	 (2005)	phylogeny	based	on	the	
sampling	of	only	two	species	 (L. jovibarba	and	L. pectinatum (Ait.)	
Kuntze).	 Limonium jovibarba,	 L. lobinii, and	 L. sundingii Leyens,	
Lobin,	N.Kilian	&	Erben	(not	sampled	in	this	study)	are	three	Cape	




(Lobin	et	al.,	1995),	 traits	both	 found	 in	L. sect.	Ctenostachys.	 Its	
morphological	 affinities	 with	 both	 L. sect.	 Jovibarba and	 L. sect.	
Ctenostachys corroborate	 its	 placement	 in	 our	 phylogeny,	where	
L. lobinii	 is	 sister	 to	 L. sect.	 Ctenostachys,	 with	 which	 it	 forms	 a	
moderately	to	poorly	supported	clade	that	is	sister	to	L. jovibarba 
(Figure	2).
Limonium sect.	Ctenostachys consists	 of	 perennial	 herbs	with	
crispate‐winged	or	angled	stems,	rarely	round,	articulate	branch‐
ing,	 terminal	 inflorescence	 forming	 secund,	 mostly	 compact,	




Cape	Verde,	L. papillatum	 (Webb	&	Berthel.)	Kuntze	 and	 the	 va‐
rieties	 of	 L. pectinatum	 are	 endemic	 to	 the	Canaries	 and	 Savage	
islands,	and	the	sister	L. mucronatum (L.f.)	Chaz.	and	L. fallax (Coss.	
ex	Wangerin)	Maire	are	endemic	to	SW	Morocco.	Here,	we	show	
that	 species	 of	 L. sect.	Ctenostachys	 constitute	 a	well‐supported	
monophyletic	group	(Figure	2).
An	 interesting	 biogeographic	 pattern	 is	 observed	 in	 the	 clade	
comprising	 Limonium sect.	 Jovibarba, L. sect.	 Ctenostachys, and	
L. lobinii:	 the	Cape	Verdean	endemics	do	not	 form	a	monophyletic	
group,	 suggesting	 multiple	 colonization	 events	 (at	 least	 two)	 of	
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the	archipelago.	The	divergent	ecologies	of	Cape	Verdean	species	
(with	L. braunii	and	L. brunneri	occurring	in	arid	and	semi‐arid	coastal	
habitats	and	L. jovibarba,	L. lobinii,	and	L. sundingii	mainly	restricted	
to	humid,	mountainous	 abrupt	 cliffs;	 Lobin	 et	 al.,	 1995;	Romeiras,	
Monteiro,	Duarte,	Schaefer,	&	Carine,	2015)	seem	to	agree	with	the	
hypothesis	of	multiple	colonizations	of	the	archipelago.






large	 flowers	with	 circinate	 styles	 and	capitate	 stigmata,	 a	 combi‐
nation	of	traits	unique	 in	the	genus	 (Baker,	1953a;	Boissier,	1848).	
Linczevski	 (1979)	 segregated	 L. sect.	Circinaria from	 Limonium and	
created	genus	Afrolimon to	include	seven	species.	Later	studies	re‐
jected	 the	 generic	 status	 of	Afrolimon since	 its	 species	were	 con‐
fidently	 placed	 within	 Limonium in	 molecular	 phylogenies	 (Lledó,	
Crespo,	 et	 al.,	 2005;	Malekmohammadi	et	 al.,	 2017).	 In	our	 study,	
three	 species	 of	 this	 section	 form	 a	 well‐supported	 clade	 within	
Limonium.	This	clade,	 in	turn,	 is	 included	 in	a	well‐supported	poly‐
tomy	with	a	clade	of	L. sect.	Iranolimon	and	a	clade	formed	by	L. sect.	
Sphaerostachys and	 L. sect.	 Limonium subsect.	Genuinae (Figure	 2),	
confirming	the	cpDNA	topologies	of	Lledó,	Crespo,	et	al.	(2005)	and	
Malekmohammadi	et	al.	 (2017).	However,	 the	 latter	 study,	using	a	
single	 species	of	L. sect.	Circinaria (L. peregrinum	 (P.J.	Bergius)	R.A.	
Dyer),	recovered	a	different	topology	in	the	ITS	tree	(i.e.,	L. peregri‐
num	 sister	 to	 a	 clade	 formed	by	L. sect.	Nephlophyllum s.l., L. sect.	
Plathymenium and	 L. sect.	Siphonocalyx).	 In	 the	 absence	 of	 ITS	 se‐
quences	 for	 this	 section	 in	 the	 current	 study,	 we	 are	 unable	 to	
confirm	 the	 latter	 finding.	Nevertheless,	 both	molecular	 and	mor‐
phological	evidence	support	 the	 recognition	of	 this	 section	within	
Limonium.
Limonium sect. Sphaerostachys and L. sect. Limonium subsect. 
Genuinae
Limonium sect.	 Limonium subsect.	Genuinae is	 distinguished	 by	 its	
large	broad	leaves	with	pinnate	venation,	tall	stems	with	few	or	no	
sterile	branches,	 large	 inflorescences,	 and	calyces	with	 short	den‐
ticulate	 limbs	bearing	up	 to	10	 lobes,	with	 short	 lobes	placed	be‐





sect.	Genuinae form	a	monophyletic	group	together	with	L. latifolium 
(Figure	2), which	was	originally	assigned	to	L. subsect.	Hyalolepideae 
(Boissier,	1848),	but	later	transferred	to	L. subsect.	Genuinae	on	the	
basis	 of	 morpho‐anatomical	 similarities	 (Bokhari,	 1973). Limonium 
sect.	Limonium as	circumscribed	by	Boissier	(1848)	refers	to	a	non‐
monophyletic	 assemblage	 based	 on	 current	 (Figures	 2	 and	 3)	 and	
previous	 findings	 (e.g.,	 Palacios	 et	 al.,	 2000;	 Lledó,	 Crespo,	 et	 al.,	
2005;	Malekmohammadi	 et	 al.,	 2017).	 Several	 species	 have	 been	
subsequently	segregated	from	L. sect.	Limonium and	transferred	to	




framework	 to	 propose	 a	 new	 taxonomic	 circumscription	 for	 this	
section.	Thus,	based	on	molecular	and	morphological	evidence,	we	
propose	a	circumscription	for	L. sect.	Limonium	strictly	matching	the	






Limonium sect.	Limonium subsect.	Genuinae is	sister	to	L. sect.	
Sphaeorostachys (Figure	 2;	 see	 also	 Malekmohammadi	 et	 al.,	
2017).	 The	 latter	 section,	 constituting	 of	 three	 species	 distrib‐
uted	in	Turkey	(Inner	Anatolia)	and	Syria,	is	characterized	by	stems	
without	 sterile	 branches,	 leaves	 with	 undulate‐hyaline	 margin,	
inflorescences	 of	 globose	 or	 congested	 spikes	 and	 flowers	with	
densely	pilose,	obconical	calyces	with	ribs	terminating	well	below	
the	margin	(Boissier,	1848;	Bokhari,	1972;	Bokhari	&	Edmondson,	
1982).	 According	 to	 Bokhari	 (1973),	 L. sect.	 Sphaerostachys and	
L. sect.	 Limonium subsect.	 Genuinae share	 a	 unique	 anatomical	





“Mediterranean lineage”—Limonium sect. Polyarthrion, 
L. sect. Schizhymenium, L. sect. Siphonantha, and L. sect. 
Limonium subsect. Densiflorae, subsect. Dissitiflorae, subsect. 
Hyalolepideae, subsect. Pruinosae and subsect. Steirocladae
The	 large	 “Mediterranean	 lineage”	 (Figure	2,	 clade	B3;	 Figure	3)	
is	well‐supported	and	sister	to	clade	B2,	which	comprises	species	
mostly	occurring	outside	the	Mediterranean	region	(Figure	2).	The	
“Mediterranean	 lineage”	 comprises	 species	 assigned	 to	 L. sect.	
Siphonantha,	 L. sect.	 Polyarthrion,	 L. sect.	 Schizhymenium, and	
L. sect.	 Limonium	 sensu	 Boissier	 (1848),	 but	 also	 many	 spe‐
cies	 that	are	not	assigned	 to	any	 section	of	Limonium	 (Figure	3).	
Limonium sect.	Siphonantha (originally	described	as	monospecific	
by	Boissier,	1848,	with	the	only	species	L. tubiflorum (Del.)	Kuntze)	
is	 characterized	 by	 densely	 branched	 stems,	 scorpioid‐corymbi‐
form	 inflorescences	 formed	 by	 flowers	 bearing	 large	 corollas	
with	apically	rounded	corolla	lobes,	and	membranous	calyx	limbs	
deeply	divided	into	five	lobes	ending	with	an	awn	(Boissier,	1848;	
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Limonium sect.	 Polyarthrion, represented	 by	 L. caesium (Girard)	
Kuntze	and	L. insigne (Coss.)	Kuntze,	endemic	to	Spain,	comprises	




L. sect.	 Limonium subsect.	 Hyalolepideae/Pruinosae,	 while	 in	 the	
cpDNA	tree,	the	two	species	representing	this	section	are	closely	
related	 but	 their	 sister	 relationship	 is	 unresolved	 (Figure	 3).	
Limonium sect.	 Schizhymenium,	 represented	 by	 the	 widespread	
Mediterranean	species	L. echioides (L.)	Mill., encompasses	annual	








this	subsection	 (Figure	3).	Three	of	them,	L. tuberculatum (Boiss.)	
Kuntze,	 L. pruinosum	 (L.)	 Chaz.,	 and	 L. asparagoides (Batt.)	Maire,	
form	 a	 strongly	 supported	 clade	 sister	 to	L. sect.	Siphonantha	 in	
the	 ITS	 tree,	 similar	 to	 the	 cpDNA	 tree	although	with	 less	 reso‐
lution	 (Figure	3).	These	 three	species	comprise	L. sect.	Limonium 
subsect.	 Pruinosae according	 to	 Sauvage	 and	 Vindt	 (1952)	 that	
followed	 the	 classification	 originally	 proposed	 by	 Battandier	
(1888).	 This	 subsection	 is	 characterized	 by	 stems	 and	 branches	
covered	 by	 calcariferous	 tubercles	 with	 a	 punctuate	 depression	
in	the	center,	numerous	sterile	branches,	one‐flowered	spikelets,	
calyces	with	membranous	 limbs,	 and	deciduous	 leaves;	 its	 three	
representatives	 occur	 in	 North	 Africa,	 with	 L. tuberculatum and	






placed	 in	different,	mostly	unresolved	clades	 (Figure	3).	Limonium 
sect.	 Limonium	 subsect.	 Densiflorae,	 characterized	 by	 few	 or	 no	
sterile	 branches,	 distichous	 panicle	 inflorescences	 with	 many	 se‐
cund	branches,	distichous	spikes,	spikelets	often	densely	imbricate,	
and	5‐lobed	calyces	(Boissier,	1848),	is	represented	by	eight	mostly	
Mediterranean	 endemics	 that	 are	 intermingled	 with	 other	 spe‐





clade	 (Figure	 3).	 These	 species	 are	 Mediterranean	 endemics,	 ex‐
cept	 for	L. scabrum (Thunb.)	Kuntze	 and	L. kraussianum (Buchinger	
ex	Boiss.)	Kuntze,	which	are	endemic	to	South	Africa.	In	our	study,	
South	African	 species	do	not	 form	a	monophyletic	group,	but	are	




While	 most	 species	 in	 the	 “Mediterranean	 lineage”	 are	
Mediterranean	 endemics,	 few	 of	 them	 extend	 further	 North	
(European	 Circumboreal	 region:	 e.g.,	 L. recurvum C.E.Salmon	
subsp.	humile (Girard)	Ingr.,	L. binervosum (G.E.Sm.)	C.E.Salmon),	
South	 (South	 Africa:	 see	 above),	 East	 (Saharo‐Arabian	 region:	
e.g.,	L. pruinosum),	and	West	(Madeira:	L. lowei	R.Jardim,	M.Seq.,	
Capelo,	J.C.Costa	&	Rivas	Mart.	and	Canaries:	L. bollei (Webb	ex	
Wangerin)	Erben, L. tuberculatum).	The	radiation	of	Limonium in	
the	Mediterranean	has	been	attributed	to	several	factors,	includ‐
ing	apomixis,	hybridization,	and	polyploidization	(e.g.,	Ingrouille,	
1984;	 Palacios	 et	 al.,	 2000).	 The	 incongruences	 detected	 be‐
tween	well‐supported	clades	and	 individual	 taxa	 in	 the	chloro‐
plast	 and	 nuclear	 trees	 corroborate	 the	 explanation	 proposed	
above.	 For	 example,	 the	 clade	 comprised	 of	 endemics	 in	 the	
Aegean	archipelago	that	are	usually	allopolyploids	with	different	
combinations	 of	 the	 basic	 chromosome	 numbers	 x	=	8,	 9	 (e.g.,	
Artelari,	 1989;	 Brullo	 &	 Erben,	 2016)	 show	 different	 phyloge‐
netic	relationships	in	the	cpDNA	versus	the	nrDNA	tree	(orange	
bar,	Figure	3),	suggesting	reticulate	evolution.	Furthermore,	the	
low	 resolution,	 together	 with	 the	 presence	 of	 short	 branches,	
might	 indicate	 a	 recent	 diversification	 for	 the	 “Mediterranean	
lineage.”
According	to	molecular	and	morphological	evidence,	Limonium 
sect.	Polyarthrion, L. sect.	Siphonantha and	L. sect.	Schizhymenium 
are	 accepted	 in	 the	 current	 study,	while	 L. sect.	 Limonium sub‐
sect.	Pruinosae should	 be	 raised	 to	 the	 sectional	 rank,	 because	
it	 forms	 a	 monophyletic	 group	 with	 L. sect.	 Polyarthrion and	
L. sect.	Siphonantha	and	it	cannot	maintain	its	previous	rank	due	
to	 the	 new	 circumscription	 of	 L. sect.	 Limonium proposed	 here	
(see	 Taxonomic	 proposals).	 The	 acceptance	 of	 these	 four	 sec‐




L. sect.	Polyarthrion, L. sect.	Siphonantha, L. sect.	Schizhymenium 
and	L. sect.	Pruinosum;	 see	Table	S3).	For	 the	remaining	species	
in	 the	 “Mediterranean	 lineage”	 (i.e.,	 L. sect.	 Limonium subsect.	
Hyalolepideae p.p., subsect.	Dissitiflorae, subsect.	Densiflorae	and	
subsect.	Steirocladae,	 and	unclassified	 species),	 additional	 stud‐
ies	aimed	at	improving	phylogenetic	resolution,	clarifying	evolu‐
tionary	origins	for	taxa	of	hybrid	origin,	and	reviewing	diagnostic	





within	 Limonium	 allowed	 us	 to	 propose	 some	 taxonomic	 changes	
(see	Taxonomic	proposals,	below).	In	addition,	the	present	study	laid	
the	 foundations	 for	 further	 research	on	 the	spatiotemporal	evolu‐
tion	of	Limonium and	the	drivers	of	its	diversification.	Both	issues	are	





Goniolimon	 Boiss.	 in	DC.,	 Prodr.	 12:	 632.	 1848.—Type:	Goniolimon 
tataricum (L.)	Boiss.	in	DC.,	Prodr.	12:	632.	1848,	here	selected*.
=	Statice sect.	Tropidice Griseb.	Spicil.	Fl.	Rumel.	2:	299.	1846.
=	 Ikonnikovia Lincz.	 in	 Kom.,	 Fl.	 URSS	 18:	 378,	 745.	 1952.—Type:	
Ikonnikovia kaufmanniana (Regel)	Lincz.	in	Kom.,	Fl.	URSS	18:	381.	t.	
19.	f.	3.	1952.
* Goniolimon tataricum is	 one	 of	 the	 validly	 named	 species	 in	 the	
genus	protologue	(Boissier,	1848),	it	has	not	been	segregated	from	










Perennial	 (rarely	 annual)	 herbs	 or	 shrubs	 with	 leaf	 rosettes;	
leaves	 entire	 to	 sinuate‐lobed;	 stems	 bearing	 wings,	 sometimes	
absent;	inflorescence	often	rather	lax,	rarely	very	lax	(i.e.,	L. anthe‐
ricoides)	 or	 sometimes	 dense;	 spikelets	 distichous;	 calyx	 infundib‐
uliform,	 conspicuous	with	 broad	 limb	 and	 ribs	 below,	 reaching	 or	
slightly	above	the	 lobe	tips,	or	rarely	obconical,	 inconspicuous	but	
with	ribs	extended	well	above	the	lobe	tips	(i.e.,	L. mouretii and	L. an‐
thericoides);	corolla	often	white,	sometimes	yellow	or	light	pink;	fruit	
with	circumscissile	dehiscence.
Limonium subg.	Pteroclados s.l. includes	all	21	species	of	L. sect.	
Pteroclados (see	 Table	 2)	 and	 L. anthericoides	 of	 the	 new	 L. sect.	
Tenuiramosum (see	below).








limb	 short,	 undulate,	 bearing	 5–10	 distinct	 lobes,	 usually	with	 short	
lobes	placed	between	larger	lobes;	corolla	bluish‐violet,	rarely	lilac.
This	is	a	new,	more	restricted	circumscription	of	Limonium sect.	




have	wide	(e.g.,	L. gmelini (Willd.)	Kuntze,	L. humile Mill., L. latifolium, 
L. meyeri (Boiss.)	Kuntze, L. vulgare)	or	more	restricted	(e.g.,	L. aluta‐
ceum	(Stev.)	Kuntze, L. asterotrichum	(Salmon)	Salmon,	L. compactum 
Erben	 &	 Brullo,	 L. pagasaeum Erben	 &	 Brullo)	 distributions	 in	 the	
Old	or	New	World	(e.g.,	L. brasiliense (Boiss.)	Kuntze,	L. californicum 
(Boiss.)	A.	Heller,	L. guaicuru (Molina)	Kuntze,	L. limbatum Small).





vate‐spathulate,	 rarely	 oblanceolate,	 dying	 before	 end	 of	 flower‐
ing,	rarely	persistent	 (e.g.,	L. myrianthum (Schrenk)	Kuntze);	cauline	
leaves	present,	 amplexicaule	or	 semi‐amplexicaule,	 sometimes	ab‐
sent;	sterile	branches	few	to	numerous	mostly	in	lower	part,	rarely	
absent;	 inflorescence	 paniculate;	 spikelets	 small	 (c.	 2–6	mm)	 with	
broadly	 membranous	 bracts;	 calyx	 usually	 obconical,	 sometimes	
funnel‐form,	5‐lobed;	calyx	ribs	terminating	bellow	margin.
This	is	an	expanded	circumscription	for	L. sect.	Neprophyllum 
that	together	with	L. otolepis, L. perfoliatum and	L. reniforme	newly	
includes	species	from	L. bellidifolium complex	(L. bellidifolium	and	
L. iconicum sampled	 in	 the	 phylogeny,	 and	 other	 relatives:	 e.g.,	
L. caspium (Willd.)	Gams,	 L. coralloides (Tausch)	 Lincz.,	 L. macror‐
rhizon (Ledeb.)	 Kuntze,	 L. myrianthum, L. smithii Akaydin,	 L. tam‐
aricoides Bokhari)	 many	 of	 them	 previously	 assigned	 to	 L. sect.	
Limonium subsect.	Hyalolepideae sensu	 Boissier	 and	 are	 distrib‐
uted	 in	 the	 Irano‐Turanian	 area,	 apart	 from	 L. bellidifolium that	
expands	toward	the	Euro‐Siberian	and	Mediterranean	regions.
Limonium sect.	Pruinosum (Batt.)	Koutroumpa,	comb. nov.	≡	Statice 
sect.	Limonium subsect.	Pruinosae Battandier	in	Batt.	et	Trabut,	Fl.	
Algérie	 1:	 727.	 1888	≡	Limonium sect. Limonium subsect.	Pruinosa 
(Batt.)	Sauvage	&	Vindt,	Fl.	Maroc	1:	46,	58.	1952.—Type:	Limonium 
pruinosum (L.)	Kuntze,	in	Revis.	Gen.	Pl.	2:	396.	1891.
Limonium	 sect.	 Sarcophyllum	 (Boiss.)	 Lincz.	 emend. 
Koutroumpa ≡	Statice sect.	 Limonium subsect.	 Sarcophyllae	 Boiss.	
p.p.	 in	DC.,	Prodr.	12:	663.	1848.—Type:	Limonium axillare (Forssk.)	
Kuntze	in	Revis.	Gen.	Pl.	2:	395.	1891.




nerves)	 in	 cross	 section;	 inflorescence	 relatively	 dense	 paniculate,	
rarely	lax;	calyx	funnel‐form,	sometimes	obconical.
The	 newly	 circumscribed	 L. sect.	 Sarcophyllum includes	 Sudano‐
Zambezian/Saharo‐Arabian	 species	 (e.g.,	 L. cylindrifolium, L. maurocor‐
datae (Schweinf.	&	Volk.)	Cufod.,	L. milleri, L. paulayanum, L. sarcophyllum, 
L. sokotranum, L. somalorum, L. stocksii)	and	it	does	not	include	the	Irano‐
Turanian	group	of	species	currently	assigned	to	L. sect.	Iranolimon. 
Limonium	sect.	Tenuiramosum Koutroumpa	sect. nov.—Type:	Limonium an‐
thericoides (Schltr.)	R.	A.	Dyer	in	Bull.	Misc.	Inform.	Kew	1935:	155.	1932.
Perennial	 herbs	 with	 leaf	 rosettes;	 leaves	 obovate	 or	 elliptic‐
spathulate;	stems	erect,	flexuous,	verrucose,	very	laxly	branched	on	




and	5	 short	 intermediate	 lobes;	 aristate	calyx	 ribs,	well	 above	 the	
lobes,	 longer	 than	 the	 limb;	 corolla	white;	 fruit	with	circumscissile	
dehiscence.
This	 is	a	newly	described	monospecific	section	for	L. antheri‐
coides,	 a	morphologically	 isolated	species	 for	Limonium,	endemic	
to	the	coastal	areas	of	the	Cape	in	South	Africa.	
Limonium	sect.	Pteroclados	subsect.	Nobiles (Boiss.)	Koutroumpa,	
comb. nov.	≡	Statice sect.	 Pteroclados	 subsect.	 Nobiles Boiss.	 in	
DC.,	Prodr.	12:	636.	1848—Type:	Limonium arboreum (Willd.)	Erben	
et al.	in	Fl.	Medit.	22:	65.	2012.	
Limonium	 sect.	 Pteroclados	 subsect.	 Odontolepideae (Boiss.)	






4.5 | Accepted Taxonomic Units of Limonium in 
this study
Genus Limonium Mill.
L. subg.	Pteroclados (Boiss.)	Pignatti	s.l. (emend.	Koutroumpa)
L. sect.	Pteroclados (Boiss.)	Bokhari
L. sect.	Pteroclados subsect.	Odontolepideae (Boiss.)	Koutroumpa
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